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ABSTRACT — Toads collected in October 1987 were thyroidectomized or hypophysectomized, and 
then released into an outdoor pen. Observations were made once a day between 2030 and 2130 hr for 19 
days from February 27 to March 16, 1988. Toads found completely exposed above ground at the time of 
the observation were regarded as active individuals. In males thyroidectomy significantly reduced both 
the mean number of active individuals each day and the mean number of active days of each individual. 
Hypophysectomy significantly reduced both of these parameters in males. In females, the effects of the 
operations were not clear, since the number of active individuals was extremely small in all groups. 
Significant positive correlations (r= 0.58-0.76) were observed between the number of active individuals 
and temperature in both sexes, and between the number of active individuals and the humidity of the air 
in males. When the temperature and humidity were combined as an independent variable, a highly 
significant multiple correlation (r>0.8) in both sexes was observed. The present results suggest that the 
pituitary gland plays some role in the migration of the toad toward the pond but thyroid hormone 
suppresses the migratory activity, and also that the combination of temperature and humidity is the 
external factor which initiates the migration. 


INTRODUCTION 

In early spring, adult toads, Bufo japonicus , 
come out of hibernation and begin migration to a 
particular pond for breeding. This migratory activ- 
ity occurs only on warm and humid nights and 
hence, not every day. Temperature and humidity 
have been proposed as the atmospheric factors 
which initiate the migration [1, 2]. A possible 
candidate for the endocrine factor initiating the 
migration for breeding in amphibians was prolac- 
tin, since a number of investigators have shown 
that prolactin is the water drive factor in newts and 
salamanders [3-8]. However, one of the present 
authors and his associates have found that the 
plasma prolactin level of toads just before or just 
beginning migration toward a breeding pond was 
low, and hence, prolactin can not be the migration 
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inducing factor in the toad [9, 10]. Tasaki et al. 
[11], observing the elevation of plasma thyroxine 
and triiodothyronine levels during the breeding 
season in Bufo japonicus , suggested the possibility 
that thyroid hormone is the migration inducing 
factor in the toad. However, they recently found 
that thyroxine administration to normal and thy- 
roidectomized male toads suppressed their loco- 
motor activity when measured in a small chamber, 
and thyroidectomy of male toads increased the 
activity [12]. These results, though under ex- 
perimental conditions, suggest that thyroid hor- 
mone also can not be the migration inducing factor 
of the toad. 

The purpose of the present study, is to confirm 
our previous results under conditions which 
approximate the natural environment, and also to 
determine the role of the pituitary gland in the 
migration. The effects of thyroidectomy and 
hypophysectomy on the occurrence of nocturnal 
locomotor activity were studied in toads kept in an 


98 


Y. Tasaki and S. Ishii 


outdoor pen during the breeding season. 


MATERIALS AND METHODS 


Material 

Adult male and female toads (Bufo japonicus) 
were used. They were captured in the suburbs of 
Tokyo in October 1987. The mean body weight 
was 145.2 g with a standard deviation of 42.0 g. 

Operations 

After capture, male and female toads were put 
in separate plastic boxes (55x40x43 cm 3 ) with 
loose fitting tops. Wet pieces of plastic sponge 
were put in the boxes to maintain humidity. No 
feeding took place, since toads abstain from food 
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during the hibernation and breeding periods. 
Toads were kept in the boxes outdoors for about 2 
weeks before the operations. Eight males and 
eight females were thyroidectomized. Sham- 
operations were performed on the same number of 
animals of each sex. Hypophysectomy by the oral 
approach and corresponding sham-operations 
were also performed with the same number of 
male and female toads. MS-222 was used for 
anesthetization of toads. Each animal was indi- 
vidually marked with a small, numbered plastic 
sheet which was adhered to its back, and a num- 
bered plastic band which was tied around a fore- 
limb. 

Observation of toads 

Fourteen to eighteen days after the thyroidec- 
tomy and related sham operation or 8 to 11 days 
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Fig. 1. Atmospheric factors and the number of male (left) and female (right) toads which appeared above ground on 
each experimental day in each group. 
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after the hypophysectomy and related sham oper- 
ation, toads were released into an outdoor pen (2 
X26m 2 ). As soon as they were released, they 
buried themselves under the ground. Observa- 
tions were made in the pen once a day between 
2030 and 2130 for 19 days from February 27 to 
March 16, 1988. When eggs were laid by a female 
in a pool (70x42x20 cm 3 ) in the pen on March 
16, observations were terminated. Toads which 
were found completely exposed above ground 
were regarded as active individuals, and their 
identification numbers were recorded. The 
temperature and relative humidity 10 cm from the 
ground surface in a corner of the pen were re- 
corded every day at the time of the observation. 

Statistical methods 

The significant over-all difference in the number 
of active toads among the groups was determined 
by Friedman’s test. The significant difference in 
the number of active toads between two groups 
was determined by the signed-rank test. The 
randomization test was used to compare the two 
groups as to the number of days on which toads 


showed activity. For these tests, personal compu- 
ter programs [13] were employed. 

RESULTS 

Effects of thyroidectomy and hypophysectomy on 
the occurrence of activity 

The daily number of male and female toads of 
each group which appeared above ground for 
locomotor activity is shown in Figure 1. The 
temperature and relative humidity are indicated in 
the figure. Using the same data, the number of 
days on which each toad showed activity was 
calculated, and its distribution is shown in Figure 
2 . 

Males: In males, the locomotor activity was 

observed relatively frequently, i.e., 15 out of 19 
days. However, the number of active toads fluctu- 
ated widely over the course of the days and also 
among the groups (Fig. 1). The over- all difference 
in the number of active toads each day among the 
five groups was tested by using Friedman’s test. 
The difference was highly significant (p<0.01). 
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Fig. 2. The distribution of the number of days in which male (left) and female (right) toads showed activity. The 
open column indicates the number of toads which were not recovered after the observation period. 


100 


Y. Tasaki and S. Ishu 


Then, the two-sided signed-rank test was used for 
paired comparisons between two selected groups. 
The differences in the number of active males 
between the thyroidectomized and its sham- 
operation control groups and also between the 
hypophysectomized and its sham-operation con- 
trol groups were highly significant (p<0.01). The 
differences between each of the sham-operation 
groups and the intact group were not significant (p 
>0.05). 

The distribution of the number of days on which 
the toad showed activity is indicated in Figure 2. 
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Fig. 3. The single correlation between temperature and 
There was a significant (p<0.05) positive correlation 


The difference in the average number of active 
days between two groups was tested by the two- 
sided randomization test. Thyroidectomized males 
showed activity more frequently than correspond- 
ing sham-operation males (p< 0.008), but 
hypophysectomized males showed it less frequent- 
ly than the corresponding sham-operation males (p 
<0.002). The frequency did not differ significantly 
(p>0.05) between each of the sham-operation 
groups and the intact group. 

Females: Compared to males, a fewer number 
of females showed locomotor activity (cf. Fig. 1). 

Females 



the number of active male (left) and female (right) toads, 
in both males and females. 
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Fig. 4. The single correlation between humidity and the number of active male (left) and female (right) toads. Only 
in males did the humidity show a significant (p<0.05) positive correlation. 
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The mean number of active days for females was 
also less than that for males (cf. Fig. 2). Due to the 
small number of active individuals, no significant 
difference was obtained or no statistical test was 
valid for the comparison of the number of active 
toads or the number of active days among the 


groups. 

Correlations between atmospheric parameters and 
toad activity 

The effect of temperature or humidity on the 
number of active toads was studied by simple 
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(Z=1.10X+0.07Y-10.65) 

Fig. 5. The multiple correlation among temperature, humidity and the number of active male and female toads. A 
highly significant multiple correlation was observed between the temperature plus humidity and the number of 
active toads. On the horizontal axis(Z’), the expected numbers of active toads, which were calcuated by using the 
regression formula with observed temperature(X) and humidity(Y) values, are plotted. On the vertical axis(Z), 
the observed numbers of active toads are plotted. 
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correlation analysis. The combined effect of both 
temperature and humidity was also studied by 
multiple correlation analysis. Females and males 
were separately analyzed. 

As depicted in Figure 3, temperature showed a 
significant (p<0.05) positive correlation with the 
number of active toads in both males and females. 
Humidity showed a significant positive correlation 
in males only (Fig. 4). In females, the correlation 
coefficient was positive, but it was too small to be 
statistically significant (p>0.05, Fig. 4). 

When both temperature and humidity were used 
as independent variables, a highly significant mul- 
tiple correlation (p<0.01) with the number of 
active toads was observed in males as well al in 
females (Fig. 5). 

DISCUSSION 

A number of investigations have been published 
on the role of thyroid hormones in the migration of 
vertebrates: in fish [14-15], amphibians [5, 7, 16, 
17] and birds [18]. Our observations on the annual 
cycle of plasma thyroxine and triiodothyronine 
levels in the toad, Bufo japonicus , seemed to 
support the idea that thyroid hormone plays a role 
in toad migration. On the contrary, we recently 
observed that the treatment of male Bufo japoni- 
cus with thyroxine decreased the distance of 
locomotion of a toad kept in a small experimental 
chamber [12]. This effect of thyroxine was 
observed in both normal and thyroidectomized 
males, and thyroidectomy increased the distance 
of locomotion. However, we were cautious in 
concluding that the sedative effect of thyroxine 
was physiological, since the effect was observed 
under artificial conditions. 

Our former results of the thyroidectomy experi- 
ment [12] were confirmed under the quasi-natural 
conditions in the present study. The thyroidec- 
tomy increased both the number of toads which 
showed activity and the number of days on which 
the toads showed activity. Accordingly, we con- 
clude that thyroxine decreased both parameters 
representing the occurrence of locomotor or 
migratory activity during the breeding season even 
under the quasi-natural conditions. However, it is 
not known whether the effect of thyroxine is direct 


or indirect. Furthermore, the physiological mean- 
ing of this effect is still obscure, although we 
postulated that it might be related to post-breeding 
inactiveness [12]. 

Hypophysectomy clearly suppressed the activity 
of male toads. This suggests that some hormone(s) 
of the pituitary gland activates(s) migratory activ- 
ity in male toads. However, it is difficult to 
conclude whether this suppressive effect of 
hypophysectomy is due to the ablation of a specific 
hormone controlling the migration or the ablation 
of hormone(s) regulating the general metabolism. 

Another problem was the inactiveness of the 
female toads, which caused difficulty in observing 
the effect of the operations in females. Only a few 
females showed activity in the present study as well 
as in the previous study in the chamber [12]. This 
may be related to the fact that not all female toads 
participate in breeding activity every spring [19- 
21 ], 

It is revealed in the present study that the 
combination of temperature and humidity is the 
external factor which initiates locomotor activity in 
early spring. The high humidity may be advan- 
tageous for gas exchange through the skin of the 
toad and the relatively high temperature, for ener- 
gy metabolism. A high rate of this external and 
internal respiration is necessary for muscular activ- 
ity during the migration of toads in early spring. 
We can now predict the occurrence of migration in 
toads from the temperature and humidity by using 
the regression formula obtained in the present 
study. 
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